We study Pb+Pb collisions at 158 A GeV/c using a hydrodynamical approach. We test different equations of state (EoSs) and different initial conditions and show that there are more than one initial state for each EoS which reproduce the observed hadronic spectra. We also find that different equations of state favour different freeze-out temperature. Simultaneously we calculate the thermal dilepton and photon spectra for each EoS and initial state. We compare the dilepton mass spectrum to data measured by the CERES collaboration and find that the differences in spectra obtained using different EoSs and initial states are not resolvable within the current experimental resolution. However, at invariant masses over 2 GeV the difference in the yield due to various initial states is close to an order of magnitude. We also study the rapidity distribution of lepton pairs and find that for masses around 800 MeV the shape of the distribution depends strongly on the EoS.
Introduction
The properties of the early stages of high energy heavy ion collision are difficult to study because hadronic momentum distributions will evolve during the dense stage of the collision and the measured spectra are therefore not directly related to the properties of the early stages of the collision. We have shown earlier for S+Au collisions that changes in the initial conditions can be to large extent compensated by the choice of the equation of state (EoS) without affecting the main features of hadron spectra [1] . In this paper we show that different initial conditions may lead to adequate description of hadronic spectra even if the EoS stays unchanged. We also study the combined effects of EoS and freeze-out temperature on hadronic spectra and how such changes in initial conditions or EoS which do not change hadron spectra affect electromagnetic emission.
We use hydrodynamics to describe the space-time expansion of the matter produced in a high energy heavy ion collision. At low energies a description of the whole collision, including also the initial compression and heating of the nuclear matter is feasible. At the SPS energy range nuclear transparency is already present and the physical picture of compressing fluids does not apply. On the other hand the main entropy production phase becomes of order 1-2 fm/c, considerably less than the total time interval of secondary interactions, ≈ 10 fm/c. It is then reasonable to consider the production and the expansion separately. The simplest approach, which we adopt, is to assume that the initially produced particles quickly form a thermal system and to parametrize it in terms of densities and fluid velocity. For a given EoS we then calculate the hadron spectra and predict the electromagnetic emission from the dense stage of the collision.
Equation of state
A necessary ingredient for the hydrodynamic calculation is the equation of state. The sensitivity of electromagnetic emission to the EoS arises in two different ways. First, the properties of the quanta of the matter affect the rate at given temperature and second, the expansion timescale and temperature profile depend on the EoS. Typically an EoS with less degrees of freedom leads to higher temperatures but also to faster cooling than in the case of large number of degrees of freedom. To see these differences we investigate three EoSs with different phase transition temperatures. In case of EoS H we assume the matter to remain in the form of hadrons without plasma formation even at highest densities. In case of EoS D a first order phase transition occurs at T c = 200 MeV at zero net baryon number density and in case A the transition temperature is T c = 165 MeV.
In [1] we have given a detailed description of how a bag model type equation of state is calculated from given input parameters. In our case these input parameters are the hadron and parton degrees of freedom, the bag constant B, and a mean field repulsion charcterized by the coupling K of the baryons to the net baryon number density ρ B . Unlike in our previous papers [1] [2] [3] we now include all the hadrons up to 2 GeV mass listed in Particle Data Book [4] for constructing the hadronic part of the EoS while the QGP part is unchanged. We then obtain the values T c = 165 (EoS A) and 200 MeV (EoS D) with the mean field parameter K = 450 MeV and B 1/4 = 235 and 264 MeV, respectively. In case of EoS H we have K = 450 MeV. )  255  258  234  214  220  213   Table 1 Average initial densities and temperature in the central region of the fireball for each EoS and initial state. Average values of energy and baryon number density are calculated in a region where flow rapidity is −0.5 < y < 0.5. Average temperature is calculated at z = 0.
Initial conditions
We have presented our model for parametrizing the initial state in terms of local nuclear thickness in refs. [2, 3] . Our parametrization gives energy and baryon number distributions in rapidity space, which leaves us the freedom to change the initial spatial distributions by changing the initial velocity profile. A velocity profile where rapidity y has a linear z-dependence [2, 3] leads to spatial energy distribution which is peaked in the middle of the system ( fig. 1 , solid line). To make energy distribution less peaked we change the velocity profile to have a smaller slope dv/dz at small z and deeper slope at larger z ( fig. 1, dashed line) . This way we shift initial thermal energy to initial kinetic energy. The volume of the fireball inside the freeze-out surface stays unchanged which ensures that the states can not evolve to each other but are genuinely different. To reproduce the hadronic data the use of the new velocity profile requires less stopping compared to the former linear profile in y.
From now on we refer to these different initial states as IS 1 and IS 2 meaning a state with a peaked energy distribution and a state with a wide energy distribution respectively (see fig. 1 ). The velocity profiles are the same for all EoSs but the energy density and baryon number distributions vary slightly to fit the data. However the shapes of the distributions are as depicted in fig. 1 for all the EoSs. Resulting average densities and temperature in the central region of the fireball are listed in table 1.
Emission rates
The spectra of dileptons and photons are calculated using thermal emission rates for the different phases. In QGP we use the lowest order rates both for the lepton pairs [5] and photons [6] . For photons the screening of the quark mass singularity through the resummation of hard thermal loops in the quark propagator is included [6] . For lepton pairs with masses greater than the temperature, next to leading order corrections are not very significant. At small masses they become large [7, 8] but the rate is then much below those from other sources.
In the hadron gas many different processes contribute. These have been considered by Gale and Lichard [9] for interactions among vector and pseudoscalar mesons and the authors have provided us with their numerical result. Since the vector mesons are included in the form factors in the cross sections, e.g. the ρ pole in the π + π − annihilation to lepton pairs, their decays during the thermal stage are not counted separately. At intermediate masses the process πa 1 → ll is also important. Gale and Li [10] calculated the production rates in the hadron gas including this process. The rates due to πa 1 → ll process were calculated in three different ways. Those calculated assuming that the πa 1 electromagnetic form factor is represented by the ρ(770) only give the best fit to the data [10] . Therefore we use those rates at masses above 1 GeV, which were kindly provided by C. Gale. The use of the largest production rates presented in [10] would enhance the thermal dilepton production in our calculations at largest by a factor 1.5 at 1.5 GeV mass. Below 1.2 GeV and above 2.5 GeV masses the difference is negligible.
The photon emission in the hadron gas was calculated in ref. [11] using a pseudoscalar-vector Lagrangian to describe the interactions among the mesons. A useful parametrization of the rates is given in ref. [12] . An important contribution from the π − ρ channel involving the formation and decay of the a 1 axial vector meson [13] is also included. As for the lepton pairs, rates from processes involving baryons are not included.
Given the local emission rates we can calculate the total emission in a nucleus-nucleus collision by folding the rates with the flow. E.g. for lepton pairs we have
where u · p is the energy of the pair in the local rest frame of the fluid element with four-velocity u. The emission rate per unit volume and time is dR/d 4 p and w(ǫ, ρ B ) is the fraction of plasma phase at space-time point x. In the QGP w = 1, in the hadron gas w = 0 and in the mixed phase 0 < w < 1.
Results

Hadron spectra
In ref. [3] we have discussed the hadron spectra for B + A collisions measured at CERN. As new features we consider here the effects of freeze-out and phase transition temperatures on the spectra of negative particles and net protons. We also study whether different initial conditions may lead to adequate description of hadronic spectra. Particle spectra are calculated using the prescription of Cooper and Frye [14] including the same hadrons as in the construction of the equation of state. In Cooper's and Frye's prescription an important notion is the freeze-out surface separating the regions where particles behave as hadron gas and as free particles. Freeze-out takes place where the mean free path of particles is of the same order than the size of the fireball. For the collisions of light nuclei this criterion leads to freeze-out temperatures of T f ≈ 140 MeV [15] . However, it has been suggested recently that a freeze-out temperature of T f ≈ 120 − 130 MeV would be more appropriate for a Pb+Pb collision [16, 17] . Instead of having the freeze-out to take place at constant temperature, we define the freeze-out on a space-time surface of constant energy density. As freeze-out energy density we use ǫ f = 0.15 GeV/fm 3 and ǫ f = 0.069 GeV/fm 3 which result in an average freeze-out temperature of T f ≈ 140 MeV and T f ≈ 120 MeV, respectively.
The effect of the freeze-out temperature on transverse spectra can be seen in fig. 2 where we show the p T spectra of negative particles and net protons using decoupling temperatures T f ≈ 140 MeV and T f ≈ 120 MeV. The spectra are obtained using EoSs A and D and initial state IS 1. The effect of the freezeout temperature is similar when initial state IS 2 is used. Lower freeze-out [18, 19] . Transverse negative particle data are for rapidity intervals of width 0.5 and center at (top to bottom) 3.4, 3.9, 4.4. Transverse net proton data are for rapidity intervals of width 0.5 and center at (top to bottom) 2.9, 3.4, 3.9. In both cases the data sets are successively scaled down by 10 −n , n=0,1,2.
temperature leads to stronger flow but for light particles this effect is counterbalanced by the decrease in temperature. Therefore the spectra of negative particles, mostly pions, are almost unaffected by the change in freeze-out temperature. The difference in slope constant T , defined in the same way as for the data in [19] , is about 10 MeV for all EoSs and both initial conditions. On the other hand heavier protons gain more from the increased flow velocity than they lose with decreasing temperature. The lower freeze-out temperature leads to 30-45 MeV larger slope constants than T f ≈ 140 MeV (see table 2 ). Comparing with data the 120 MeV freeze-out temperature produces better fits than T f ≈ 140 MeV when EoS A is used. However, EoS D is stiffer than EoS A, which leads to larger flow velocity. Therefore the spectra obtained using EoS D and T f ≈ 140 MeV are very close to those obtained using EoS A and T f ≈ 120 MeV whereas the combination of EoS D and T f ≈ 120 MeV produces slightly too large flow. We may conclude that the favoured freeze-out temperature depends on the EoS and can not be deduced using p T spectra only. However, some combinations of EoS and T f can be deemed less plausible than others.
As an example of the effect of the initial conditions to the spectra we show in fig. 3 the resulting rapidity and p T spectra of negative particles and net protons for initial states IS 1 and IS 2. In both cases the equation of state is y = 2.9 y = 3.4 y = 3.9 NA 49 [19] Table 2 The values of the inverse slope constant T in MeV for net proton p T spectra at various rapidities obtained using EoS D and A, initial state IS 1 and freeze-out temperatures T f ≈ 140 and 120 MeV. The accuracy of our fits is about 5 MeV.
EoS D and freeze-out temperature T f ≈ 140 MeV. For the negative particles calculations are in good agreement with the data, which tells that two different initial conditions can result in almost similar flow of energy density across the freeze-out surface. However, the hydrodynamical evolution does not smooth away all differences of the initial conditions since the rapidity spectrum of net protons still shows some signs of different initial stopping of baryons and flow in these two cases. As one may expect the larger initial energy density and thus greater pressure leads to stronger transverse flow, but the effect is small. The difference in slope parameter T is 10-15 MeV for net protons and about 10 MeV for negative particles. Also when EoSs A and H are used, the spectra obtained using initial states IS 1 and IS 2 are very close to each other. The differences in the slope parameter T are similar to those described in the case of EoS D. When EoS H without phase transition to quark-gluon plasma is used, the resulting spectra differ only slightly from those obtained using EoS D. The slope parameters of the net proton p T spectra are 10-15 MeV larger for EoS H than for EoS D. For negative particles the differences in the slope parameters are below 5 MeV. The initial state and hadron spectra are almost identical for EoS D and H because in both cases the hydrodynamical evolution is dominated by the hadronic part of the EoS. Plasma and mixed phase last too short a time and occupy too small a volume to affect the flow considerably.
Independently of initial state the best fit is obtained combining EoS A with T f ≈ 120 MeV and either EoS D or EoS H with T f ≈ 140 MeV. We conclude that the initial state of a hydrodynamic description is not unambiguous even for a given EoS. Different initial conditions can lead to an acceptable description of the data if the densities and the velocity profile are correlated carefully. 
Photons
Unlike hadrons, photons are emitted during the whole lifetime of the fireball and may thus carry information from the hot and dense stage of the collision. Since we found in the previous section that using different freeze-out temperature for different EoSs gave the best fit to the data, we use from now on EoS A with T f ≈ 120 MeV and EoSs D and H with T f ≈ 140 MeV. In fig. 4 we show direct photon k T spectra for three different EoSs and for initial states IS 1 (upper three lines) and IS 2 (lower three lines scaled down by 10
2 ). In the case of EoS A and IS 1 the contribution from the plasma phase dominates at k T > 2.5 GeV/c resulting in a distinctive concave shape of the spectrum. When EoS D with higher phase transition temperature is used with IS 1, the contribution from the hadron gas dominates up to k T = 3.5 GeV/c and the shape of the spectra turns concave at larger transverse momenta.
For the initial state IS 2 the photon emission at k T < 2 GeV/c is very close to that obtained using IS 1, but the difference increases rapidly with k T . At larger values of k T the emission is dominated by the early, hot stage of the evolution. Therefore decreasing initial temperature cuts the emission accordingly. This can be seen very clearly when EoS A is used. Even if the lifetime of the plasma phase is almost equal in both cases, the drop in initial temperature causes one order of magnitude change in photon yield when k T > 4 GeV/c and the clearly concave shape has almost vanished. For EoS D and H the effect is smaller. At high values of transverse momenta the photon yield is changed by a factor of 6 or 4 respectively. Thus the effect of initial densities on photon emission at high values of k T depends on the EoS.
Because the photon emission rate in the hadron gas is larger than in the plasma, the photon yield is the larger the higher the phase transition temperature is. However, due to lower freeze-out temperature used with EoS A, the differences between the total yields are smaller than expected from the dependence on the phase transition temperature. When IS 1 is used, EoS D produces 1.2-1.8 and EoS H 1.6-4 times more photons than EoS A. As men-tioned, the use of IS 2 cuts high-k T photon production especially for EoS A and therefore the differences between EoSs are larger. When IS 2 is used, EoS D produces 1.2-2.3 and EoS H 1.4-5.5 times more photons than EoS A, the difference increasing with k T . For IS 1 the difference between EoSs is largest at 1.5 < k T < 3 GeV/c.
Lepton pairs
Mass spectrum
We compare our results with the data measured by the CERES collaboration [20, 21] . These measurements are made for Pb+Au collision at 158 A GeV energy, which should be comparable with our results for Pb+Pb collision at the same energy.
In the CERES measurements the dielectron background from the decays of final mesons is not subtracted and the measured dilepton yield consists of two parts. Instead of using the background estimated by the CERES collaboration [20] , we calculate this background from our hydrodynamical simulation (see ref.
[1]) using thermal yields for decaying mesons. However, our model assumes chemical equilibrium but the observed φ/h − ratio [23] is equivalent with the chemical equilibrium value only around the temperature T ≈ 120 MeV [24] . To achieve consistency with the data we suppress the φ-yield by a factor of 0.6 when we use the freeze-out temperature T f ≈ 140 MeV. Like for photons we show here results obtained using EoS A with T f ≈ 120 MeV, and EoSs D and H with T f ≈ 140 MeV.
In fig. 5a we show the background, the yield from thermal emission and the combined total mass spectrum folded with the CERES cuts and resolution. The thermal emission is calculated with EoS A and IS 1. Note that we compare our results with data from [21] for which the charged particle multiplicity is 220 < dN ch /dη < 500. Our calculation is tuned to reproduce the results of the NA49 experiment which uses a centrality trigger different from the trigger of the CERES experiment. Hence we get an average multiplicity of dN ch /dη ≈ 330. The CERES collaboration has reported dependence on the multiplicity both in the shape and the magnitude of the spectrum scaled with multiplicity. Therefore we think our results should be compared with the high multiplicity data set rather than with dN ch /dη = 220 data presented in [20] .
Our background overshoots the data at the mass of 75 MeV. This is due to our pion spectra being too flat at low values of transverse momenta as seen in fig. 2 for negative particles, mostly pions. Because our overall normalization is correct, we get too many pions in the CERES acceptance region. Our calculation does not reproduce the observed excess of electron pairs [21] around M ≈ 500 MeV. At 500 MeV the thermal emission is of the same order of magnitude than the background but the total yield is below the data by a factor 5-6, which requires an enhancement factor of 10 if the thermal emission is the origin of the excess. Possible medium modifications of ρ-meson parameters which might cause this enhancement should not, however, suppress dielectron emission around free ρ mass where the data are reproduced.
The situation is similar for all EoSs, see fig. 5b . Despite the longest lifetime the yield obtained using EoS A is smallest at all values of invariant mass, but the differences are small. Around the free ρ-meson mass EoS D produces 1.2 times and EoS H 1.3 times more electron pairs than EoS A for both initial states. Another region where the difference is noticeable is at masses M > 1.5 GeV where EoS D produces 1.3 and EoS H 1.2 times more electron pairs than EoS A.
At masses below 1.5 GeV the effect of initial densities is even smaller. For EoS H the change in total yield is smallest, below a factor 1.1 at all values of invariant mass. For EoS A and D the difference is below 5% at M < 1 GeV and increases slowly at larger values of mass. At M = 2 GeV the initial state IS 1 produces 1.2 times more electron pairs than the initial state IS 2. These differences are smaller than the present experimental errors.
The NA50 collaboration has measured thermal dimuon emission in the intermediate mass region (1.5 < M < 2.5 GeV) [22] , but since the NA50 acceptance cuts are difficult to implement [25] , we present the thermal spectra at masses 
< M < 3 GeV without any kinematical cuts and compare them with
Drell-Yan pairs in fig. 6 . The Drell-Yan yield is calculated in next to leading order using the parton distribution set CTEQ-3M from PDFLIB [26] . In the analysis of NA50 the data are roughly a factor 2 above the sum of Drell-Yan pairs and pairs from charm decays. To account for the excess, the thermal contribution should be of the same magnitude as the Drell-Yan emission.
In this mass region, M ≫ T , the emission is dominated by the early, hot stage of the evolution. The thermal contribution is therefore sensitive to the initial densities. This can be seen in fig. 6 where the thermal emission for EoS A is shown for initial state IS 1 (dashed line) and IS 2 (dashed dotted line). The dotted line depicts the spectrum with EoS D and IS 1. When EoS D is used, thermal emission has qualitatively similar dependence on the initial state with 3.5 times more 3 GeV electron pairs for IS 1 than for IS 2. We may thus conclude that in the intermediate mass region the thermal lepton pair production can differentiate between different initial conditions and that this contribution can be an important part of the observed excess in this mass region.
Rapidity spectrum
We have found that the rapidity spectrum of dileptons may be an observable which shows a qualitative dependence on the phase transition temperature. In Characteristic of EoS A is the long lifetime of the fast flowing part of the fireball compared to its center. This is a result of a small pressure gradient in the mixed phase which does not blow the fireball apart. Due to the long lasting mixed phase the fast flowing part stays hot and produces a large contribution at 770 MeV invariant mass which gives the spectrum its double peaked shape. On the other hand at smaller masses the thermal distribution is wider. Therefore even fast-flowing parts of the fireball contribute significantly to mid-rapidity leptons and the resulting spectrum is single-peaked but wide. At larger masses the emission is dominated by the hot central region at the early stages of the evolution. The resulting spectrum is single-peaked and narrow (see fig. 8 ).
For EoS D, the lifetimes of the central and the fast flowing parts of the fireball differ less because the mixed phase is reached earlier and its lifetime is shorter than for EoS A. Compared to the contribution from the central fireball the contribution from the fast-flowing part is therefore reduced. At M = 770 MeV the spectrum has a plateau at mid-rapidities but at lower and higher masses the plateau vanishes. At masses above 1.5 GeV the shape is very close to that obtained using EoS A indicating the dominance of the early emission and the closeness of initial states in both cases. The smaller emission from the fast flowing part can be seen at low masses too where the distribution is narrower than for EoS A.
The shape of the rapidity distribution is clearly affected by the initial state. In fig. 9 we show rapidity distributions of M = 770 MeV electron pairs for the initial state IS 2. The distinctive double peaked structure for EoS A and IS 1 has changed into a wide plateau and EoS D produces an almost similar shape as EoS H. When EoS H is used both initial conditions result in rather similar flows and therefore rapidity distribution stays almost unchanged. In the cases of EoSs A and D initial state IS 2 with weaker flow in the central region than for IS 1 leads to longer lifetime of the central fireball. On the other hand, compared to IS 1, the lifetime of the mixed phase in the fast flowing parts is shortened. As a result the double peak signal gets washed out and at masses below 770 MeV the distribution gets narrower. At masses above 1.5 GeV the most notable difference in lepton emission for IS 1 and IS 2 is the magnitude of the yield (see fig. 6 ). Also the shape of the distribution is wider for IS 2 because the lower initial temperature cuts lepton production in the early stages of the evolution, which contribute mainly to mid-rapidity leptons, but the small emission from the fast-flowing parts is almost similar for both initial conditions.
As mentioned the double peaked signal is strongest in the mass region 750 < M < 850 MeV. In our figures we have shown the spectra at 770 MeV mass because the yield is largest at the free ρ mass since no medium modifications are included in our production rates. We want to emphasize that the doubly peaked shape is not due to some structure in the production rates but it signals the existence of hot, sufficiently long living and fast moving parts of the fireball. The medium modifications of the rates can enhance or suppress this signal at different masses by changing the relative strength of the rate in the plasma and hadron gas in the mixed phase. Thus the region where the distribution is double peaked may extend also to lower masses, but the distribution will nevertheless be double peaked around M = 800 MeV.
Conclusions
We have studied the dependence of hadron spectra on the freeze-out temperature and the equation of state and shown that different initial conditions of the hydrodynamical model can be used to reproduce the data. We have also considered the dependence of electromagnetic emission on the EoS and initial conditions when the evolution of the fireball is constrained to be consistent with the observed hadron spectra.
We began our paper by studying the combined effect of freeze-out temperature and EoS on hadronic spectra. A quantity of interest is the mean velocity of transverse flow, v T , which is not directly observable because the p T spectra depend on temperature and -as we want to emphasize -the flow pattern as well. Recently it was claimed that single particle p T spectra of different mass are able to narrow the thermal freeze-out conditions to T ≈ 120 MeV [16] because the dependence of p T spectra on T f and v T is different for particles of different mass. We found that this is not an unambiguous choice but the spectra can as well be reproduced using a higher T ≈ 140 MeV freeze-out temperature if the EoS is stiff enough. The difference arises for two reasons: First, we freeze-out at constant energy density causing the baryon rich areas to decouple at lower temperatures than the baryon poor areas. In [16] a strictly constant freeze-out temperature is assumed. Second, in our hydrodynamical approach we get a transverse velocity profile which is not linear as the one used in [16] . For these reasons the average freeze-out temperature and the average transverse flow velocity can not be deduced unambiguously using hadronic p T spectra alone but more information is needed. HBT analysis [17] is one way to reduce this ambiguity.
The hadron spectra leave some freedom in choosing the initial state of the hydrodynamic evolution. We were able to reproduce the hadron spectra using two clearly different initial conditions for each EoS, indicating that there is a variety of initial conditions for each EoS which lead to acceptable hadronic spectra and still correspond to the same thermalization timescale. In principle the difference in initial state affects electromagnetic observables but we found that at low values of transverse momenta the photon spectra and at low values of invariant mass the lepton pair spectra are almost identical for both initial conditions. On the other hand for photons with k T > ∼ 5 GeV/c and for lepton pairs with M > ∼ 3 GeV the different initial conditions cause already almost an order of magnitude change in the yield providing a possibility to distinguish between different initial states. Since in the intermediate mass region the thermal dilepton emission is of the same order of magnitude as the yield of Drell-Yan pairs it can be an important contribution to the excess observed by the NA50 collaboration [22] .
We also compared the calculated mass spectra of lepton pairs to data measured by the CERES collaboration. The differences in the spectra obtained using different EoSs or initial states were below the present experimental resolution. Our production rates do not include any in-medium effects and almost an order of magnitude enhancement is required to reproduce the observed excess around M = 500 MeV invariant mass.
The effect of the EoS is most clearly seen in the shape of the rapidity spectrum of M ≈ 800 MeV lepton pairs which is very sensitive to the lifetime of the mixed phase. The lifetime of the mixed phase depends also on the initial state and the use of EoS D and IS 1 results in a very similar shape of the spectrum as the use of EoS A and IS 2. On the other hand these two cases can be distinguished by their dilepton mass spectrum in the intermediate mass region where their difference is close to an order of magnitude. We saw an interesting double peak structure of the dilepton rapidity spectra for a certain combination of equation of state, initial condition and invariant mass. It would be interesting to see how it compares to an experimental rapidity spectra.
